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(54) PIEZOELECTRIC RESONATOR, PIEZOELECTRIC FILTER AND DUPLEXER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric resonator 
which is hardly affected by spurious vibration, and provided with 
proper impedance. 

SOLUTION: A piezoelectric resonator 10 is constituted so that a 
plurality of resonators 13 whose resonance frequencies area little- 
different using the n-order mode of thickness longitudinal vibration or 
thickness-shear vibration are connected serially or in parallel. The 
resonator 13 is provided with a vibrating part 20 consisting of a 
piezoelectric body having at least one layer, or the multi-layer 
structure of the piezoelectric body and a dielectric, and at least a pair 
of opposite electrode 16 and 16 formed at the vibrating part. In this 
case, the plane shape of the opposite part of those electrodes is a 
circle or an arbitrary shape circumscribing a circle, and when the 
radius of the circle is expressed by r, and the thickness of the vibrating 
part at the opposite part of the electrodes is expressed by t, inequality r£20 t/n is satisfied. 




*> -1U ! -Kir 

r 



-20: 

l -16 



nr. 



LEGAL STATUS 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAMUa4VxDA414237738Pl.htm 



10/12/2005 



Searching PAJ 

[Date of request for examination] 24.05.2004 

[Date of sending the examinees decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwl9.ipdl.ncipi.go 



(19) B^S&SW (JP) (12) ^ |3 Jj^F 1^ i2t (A) (ll)*fmUIIS&B8#*i 

4#|H§2002- 237738 
(P2002 - 237738 A) 

(43)4iB8B ¥Jj£l4*p 8 ft 23 B (2002. 8. 23) 



(51) IntCl. T 




F I 


f-T3-r(##) 


H 0 3 H 9/56 




HO 3H 


9/56 D 5 J 1 0 8 

Z 


9/17 






9/17 F 








*tt* g8sfcK©*15 O L (±10 J€) 




#SS2001 -373347C P2001 -373347) 


\ (7i) a® a 


000006231 


* 


• 










^flwrs mrmim-T a 26#i o-*t 






(72) 




<3i)«jfe*fcj£5R## 


#182000-371 135 (P2000-371 135) 






(32)«5fcB 


W-m2m2ft 6 H (2000. 12. 6) 






(33)«&*8£§g@ 


B* (JP) 


ozmwm 










^ffiflrfiW*T*^#-TH26#10# #3£ 














a imm a 


100079577 








#SI± MBB £S 






F^-A(##) 5J108 BB07 CC04 DD01 DD02 DD06 








EEX)3 FF04 JJ01 



(54) ismo&m mm^Wcf; mmy^^^zs^-zi'^ 



(57) [g^] 

HUB] x^<;r^Jg«io^ap*s/hs<. ®iE&-f> 

c ] Em^fi-r io«. m&m mm ttcitm 
r *«c» 1 3 *aw*fcttafej»j«c« 

fc 1 Jlfel±©E1t{*. L/ < ttE«(*<!:SSm#©^JHfl» 

< <t*> i*f©*ti°rf£®isi 6. i6*$*. ms*tfa 

£>9> PWJ©¥&£r, SSS©>Pf(SlglI«:*jW4JiS&S|5© 
IMtit/fci*. r ^2 0 t/n «fc 5fl*f£3 
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4 fcHtf©±g|SS«:foJ:cn r S&®fiB**fl°] § *r*t»« 

t i»*f 2 ] Mia _hgpit@fc «t omrieTgpmffi©*^ 

TSSR#©¥ffi^«::teWSMfBR0©*&& riU 

Mia±g|5m@*j<fcc>'fuiaTSi5^€BCD>pf(Si-r ■sai^fiDJi* 

StiOfci*;' r S2 0 t/n £&£«fc SttJfcJSSn 
te C 4 fc^fli £ -T -5 . If *m lie IBtt©JE«*ffi* . 
C »*B 3 ] 89SBttMI©&^tt JRSUtt $ ft: « 

-5 . 1 * fcttitJfcJi 2 (CiB*g©EE«&^?- . 

jja® 3cDi>-rn*iccfas8©ES^{i?-. 

±o. 5%wfir2,sci*Mit5. iit5j?JS4(tia 

[ffimi ] Hytaa&iB©ft^ra©rara#ffiKrcK© 

c » jjsb 8 ] Buia±si5ms*s i cm stfsb *«©*!> at 

i&sjsi i ^t^L/Sf5icii7©o-rnA^ia«g©EE^ 
c tmm 9 1 mri efii&giwiis<$ £ m w.m<o& mmm. 

*^ 6> ^ 0 , fro. mlZKnfote&lfWi'&W<D'j%oyptj: 

< 4 1 ^©fc<D©WttJ£»©flWtf&»**. BiriaBE^f* 
te J; o'Sffift© 5 -fc ©(&© fc©©!¥ttS»©iSg:^» 4 

8 ©t,»rn*»(ciaig©ES^!6^. 
cw*s i o ] H«riasig»egpspsfc«c3g|5«rWL/. 
Sfj tagapgp * t* B!iiaiaaj±K: mEMMmwis, zntc 
ct^ist-r^, i&jasi o«}^9©t,>-rn*> 

[1*111] j*»©§Bnaj*)tttatt©iHaj*wr 

&< £«> 1 JlW±©ESSS^**-rSSEIgS|5©±TS4 
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4>& < 4 &-tt©±gpi§e&<fco'Ta5Hffi ; &stiS] $ itx 

Birfaisp^Ste «fc o'mif aTSnss©*f ifiir 5 gpfl-©^® 
fiiria jbspmste <t iBTgpms©*tfa-r s gp#©¥ffi 

JfcKKfcW •SmriaRff^©*^^ r 4 u fitria±SP®©*J 
«fctmiaTgpiies©*trS|-r3gP#©/?<&£ t 4 btct 
10 r £2 0 t/ , n4&S«fc'5fc:7gJ&i*ft. 

5 «cn& 6h±. $ p.tcmries^iEiwBtria^JiT-^a:?!]* 
fc«a6yij{c^Lrac-5>c4*^ia4rs. Em^ti 

firanau* fctatiMBiagftJbKjefiss n. jj>«c < t & 1 n ' 

fcU:©EEm»K£WT£?SJSIgP©±Tffi£4>&< 4 6— 

r. 

B?ia±gp«S*i «t o'mriaTgp^i® ©»^f s gp^©¥ffi 

JfJtt{cfcWSmrfBR^©*^r 41/. ^ria±gpsffi*i 

.t^flfaTgpmS©^^]^ •5>gP^-©/?^ ; S: t 4 C-fc4 
r^2 0t/niiS5 < fc^«:MSn i 

«3Sffl©H?ia*®^©^Ji^i6S!©^*s± \%tt£i>£. 

*) (cm^c 6 $ h cc ftiia^li©B« iaft}i^*iS?>J* 

[»*?ii3] wpgp*/cwpasi5*wra««4. bu 

fBBinai*fc««riBIHSB±«:JBJi£Sti. j>ft<ifell 
Jit±©ffi^®)SS^W-r^iagP©±Tffi : S:^^< 4 6— 
*f©±gns«ifc<fcCJ t Tgl5SS**tiSiS-«i-r^trt8jt©Jlg 
®!(gP4*W^. *»T-*Rtffc. il^^SfjSfcliil* 

s>ria±gpm@*! <fc o'mriaTgp^©©*)-^^ gp^©^® 
40 H?ia±gpms*jj;o'BfiiaTgpms©M(^-rsgp^©¥® 

J^W(c*JW5mrSaR^©^S* riU, mFfa±gps@te 
«fcO*miiaTgP^e©^[^-r-2)gP^'©/?<^^ t 4l/fc4 

aa»fli©«5iaftj&?©^«UBift»©sfe*« ± 1 % £ * 4 <t 

50 atf. ES7 ^ 
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C W*B l 5 ] nmm l 4 ccE«flDE«7 ^ ;u 

C>6ftfct4£#S44if-£> r^^U^lfo 
[0 00 1 ] 

ft* W«b*^*>*t u /ce« 7 -r ;u # a 4tc &g 

CO 0 0 2 ] 

* h ft & SttSi: 4 , KJRBftBIJCCJBfiES nfc*f |Sl«ffi 4 £ 

tt©^*ffli;i*C4*BW4 0T 1 »fiJ*®crtS3 
n£R<D^fl£ r 4 U ttft«ePJ©iS«l8|50J?#* t 
iUci^ r i2 0 t/n©H«4«tetJ:!>aW|J 

[0 003] 

x?" y r^a«fc©iw**»^3 < » 

z ©BE«ft Wf-*fHST £ fgft 3^2 Mm 
Sar*40CC»U. «ttSWD*#S (AS) *«1 0 

»#raH4tt5. 

[0 004] £ fc, «S»tt«EE«ft»?© -f > tf- y 
7-<;l/if«:fflBT4^ »ttr 4*4 <Z>v 

[0 0 0 5 ] ^ftKP;UC, *J8l80Sfc5aWtt % MiS 

>x*w^4E*stfi^*ffi&r4c4T*4. C<2|£ 
r&4 e 

[0 0 0 6 ] 
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CBH«r««rS3rc«)©*l8] #»IBCC^SE«ftlB 
■W*. 3«4. WR«cJBJ5RSti. iMfc < 4 4 1 HteU:© 
E«WII**t-*»K«|l©±TB«>te< 4*>-*tO± 
»«S*5 J: CTF»«ffi**tiaj S «T*tri*S<DlBBfr»4 
*«U *ttttRWteE«*»FCc*0»r, ±SU 

»©*S^*iaW*tetta^JCc«Jtt-r*C4CcJ:Q, s 

#m*(omim<D** s *'i»a±K:** < -r 4 c 4 & 

yrxfi»»wsai**»*c4^T?*4. ^<Dtc#>. m 
jS#g»T, jB«eu©w«»tttt<sr*i««>ic4^'c* 

-r4c4«:j:g % ^^yr^aftoKK/hs< Ift* 8 

6, 4>tf-#>X©^ffc£B4C4#T*4. 
[000 7 ] ^JHiiC^&EEIMFrtt. _LSB^t& 

»^^td:L/cit 4 r ^2 0 t/niftS<fc5tC 
JBfiS 3 ft 4 C 4 *«» C co J: *> tc*ft CC 4 

»©¥ffi?Btt«:fc^4RJg©^S«:r 4*0, ±SI$«ffi:te 
J:C/TaB«ffi<D*fr^rS8P»(D/|C** t 4 0/c4# v r 
£20t/n4tc*J;9 CC ±8|5«ffife cfctf TSB«S«: 4 

t»jsw*c4«:j:0 1 ii»2fi?©M»cx^yr 

30 *tT 5 ^ 7" y 7 x UttOfBW* 3 <E> fc/hS < ftp*. £ C 4 

[000 9] 3 6CC % *»W«C3&>3&>SE«ftWF-"C«. 

-5C4CCJ:0, ^RjA4S^Rja4#rtittfflflP«WJS 
40 WS. 

[ooio] *»iBcc»»sE«Wfm a 

C 4 * S 6 CC$? S 0 C C (Dcfc 5 CC^^H^ tc 3&>* 4 Em 
[0 0 1 1 ] ^fS^BCcA^SEaftWf-Ctt, 
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±8P««fccfccrFSB«ffi*RW, *h€>©±»aate*J: 
[0012] *fc. ^ffiBtCfr^SEaaiR?-?!*. tB 

RAQat^i^onn^atttta) i / 2 eubr* sci 

tfi&tOl*. C©J:5M#8Wte***Ea*S*r 

mfflQftiHWCDmn«iiRiHfta) 1 / 2 «±r » 
*c^«flawssi«r**©"c. **©*3Mb*i»? eta* 

[0013] ^^(C^^SEEa*^^*. 
±«aa*5<fctfT»aa©4>«e< 

^rw^citfcJ:^ c©J:5&c£2PJK#>a>5 

Ea^s^-cK, ±w«ffi*j<tcfr»««©^tt < ± & 

[0014] *fc, #fSWtefr^*Ea**B^Ttt, il 
«ffB^BE««sil«#©^JB«Jt*>6«c»J. Ea 
ftfcJr^Staft©^ *><D'pt£< t & 1 OCD fe ©©$$ 
SC»agi» k Eaf*te<fctfBa#©9%©ffi©fc© 

[0015] ZZtrC. **WCC*>^SE«ftJffF-T«, 

BPflaBiJCjgiftBB^fiSS 30 
[0016] *!69iCc^SEaftlB*tt % 
<DHP»*fc««ROIH»«:Wr4««4, MP»*fc 

ttDP«j:«:jB*3h, < £ 4> 1 m&L±<DKmmm& 

*-*-4»IBB(0±TBB**«c< *t©JbSBaafcJ: 
OHFS|Jaa©StflnlT £ aR»<D¥ffi»ttWRJB $ /c WRJK 

*rt^r*ffj£©^Kr*tK ±a5aafc<fccrF8i5aa 

©ttfir£8l^©¥ffi^Ktetf 4R0©¥&* r <b 40 
[0017] S^^C. *»?8CC^*41I«ft»?« % m 

paa*fcttDfl»**r4»ffii. MP»*fcttOfl»±(c 
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ffx©»i*r * 0 , ±was*j j: cn r »a«©atfoi , r * 

8l»©¥ffi^«c:bW*R»©*8* rib, ±fflaffi 

fcjrcfrajafficD^frai-riSB^o/s^* t £ utctt. 

ri20 t/nitt*J:5«:»JBSh, tt»ffl©#»f- 

ST**** T J5aftflT-C$>^ 0 
[0018] S/c, *»W«Cjfc*>SE«fc»f«. BBP 

2t>«t< ±i> HB«Jb©EEW»«*WT4W«SP 
©±TM£4>&< it— *f©±SUaffi*J<fcVTfiBaffi«: 

u /cEafttg^- tc *j 1 > r k ispa®*? <t crFSBaa©** 
rft*rs»*©¥HJiStt**R»*fc«R0*rt«i-r*fiE« 

crr»aa©»fli-j-*«B»o»** t 4Uc4t, r ^ 

2 0 t/n±ttSJ:5K:#rtS*v ttgfcfI©ftfIT-©ft 
fgH«tfc©H#± 1 5 £6&c?t 

K©****^* fcttft Wc«*8 u r tt a c £ 

EaftfjgT-r&£ 0 

[0019] *ftQfifiCJtaft>&Ea7 ^ EaftJS 
t, ^Wfc**»SEWWF**Wfc < <t «> 1 oeihd 

tf, Ea:? 4)\>$i-efo*> 0 

[0 02 0 ] Sfc, ^cfBWCC^S^a^U^l^tt. * 

[0 0 2 1] *»W©±aJ©B». -£©{fe©g#J. «r» 
teJrWpJjStt. LTtr ^«T©^0^©HJS© 

»»©#*B«cBiW^ 6— » W 6 * i tt * 9 . 
[002 2] 

[An©HiK©0fll] H 1 tt#»WOE«*fif 
JSW^TK-T^FBia-e* 132 ^©KMHftSST* 
^ 0 C©E«t»fl0tt, *«Hjft«W2GHz©» 
*«lJS»©»*Sft (n = 1 ) ^fiJfflL/c^©T?*a o E 

asMhF low, mm i 2 isi2tt, do 

0} S itMSnS. £S1 2±«c« 1 2o©ft}Ji^ 
13 a, 13 b3&sayW«:«i»Shrj&JSS3h4. SftfJS 
T13a, 1 3 btt*n-e*i«»W2 0**tr. C©« 

«jgi5 2 0(i, ^af*®aai 4, aamRi 6, Ea»® 
mi 8, aaanei 6, ^af*«Ki 4^««i 2±cc 

C©IH»cfflHUr35c4<>© , C*4. C©HifiW*Ctt, St 

aftMRi 4**s i o, -cBi&zti. aanni 6«a 

ir»fltS*i, Ea<*3S«Sl 8ttZnOtMSn§. 
S)K©«^«, S i O, /Al/Zn O/A 1/SiO 
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. =0. 3/0. 1/1. 1/0. 1/0. 3 («4: 
m) T&£. fc*>\ I«12IJ/c<!:^Wl/7^ 

J:<, RttftffjRl 4ttSiN l A 1 , 0 3 &£"C0/& 
Ort>«fc< 1 EEattWBtl 8t4A 1 N. PZTtci't^ 
/£OT4>J:<. SffiOEffiiettAu. AgA.ci'rMU 
Xh<kl\ 

[ 0 0 2 3 ] ttBUR 1 6 <D&m*s r ©RJB*l*i 
S b fcIE# J&tftc 3 ft & . C <DIEJfB<D 1 iSOS 3 
2rlJ, 1 50 /lmtCJBSESnS. SffifiSJBl 6 

©*frfijSB«c*j^SJBJIftaiJ©«*t«. 1. 9 Minted 
£ft£ 0 U/^^t, C<D||j5fipiJ©{ga&S|52 btt. 

2 0 t/nCD^*SS/cT e «ill6^ Stt3|S2 
0<D>HW^5l*UJ3ns. fcfa. «ffiBWi 1 6 OJUtt 

[0 024] C <DMfc0»<DE«&S? 1 0 te, 
»#2GHzOfc<Dt*S. COggifeCfrCte, — 2j<D2£ 
JIT- 1 3 a©*SJH«»i 1 3 b<D&mm 

«a<fc«, 4MHzr6ur*j«sn*. c©,t 

WliB»*r6-r*tt4 l/t& 1 3 a <b 

flfe#©ftlB^F 1 3 b i"C, «S9MS 160*3 £^x. * 
3frifr*\ 3Kffl»6Sfi»Rl 6*tGl«tti6CC 

ms^ji 1 6(D*#£ (om> <»»tt*KitrjH««* 

or fts i -r & c <t a w^ii^-r z>tc#>m& 

tA>. co-rtiiti, #»!jrtt± i. o%«rt 
«:urfecfcUo cow*i«* i . o%figic*rn«, * 

[0025] c <o mmm<DEM^m=F i o 5 
ccurijjasn*. *-*\ (100) si»«±«u»» 

xcDSio 2 jwaaasn*. toikauai. 

<fc*©^ffi-CTSBWfi»JBS 1 6 4 ITA 1 aWflWSti*. 

3 6K*<D±*CEES<*S8fJRl 8iLTZnO«3n 

36ec*©±*CTW*ffiB«l 6i»lfiJ-ra<t5CC 
Lr±SB«SWJ»l 6iOtA 1 sMOK3ii&. K^f* 

mm 1 8 «r«fisr* z noimfrffimmzm^zm^te 
w&ansitcassft. /i^r^o sta^a* 

J»*cc*SffS*ifii«:^a3h*3W. 2WOfcWr«, z 

3 6«C*±JB«Ctt*-r?-;>*, C VDtt4<Z>#ffirSSS{# 

*sisi 4 4ltcds i o 4 aWfiSBisns. &fa\ 
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Sl2(t Wttxyf>^ RIE, U-lf-ftlX. 

«12tt, 2o©H!P»£*rU 2o<DBBPaW>±«C. 
2o©g!Biffl52 0. 2 0*WSWCd:W^ a tt 

[ 0 0 2 6 ] H 3 tt 1 iS<DS3# 1 5 0 um<ME;«I£K 
©mHHSJH 1 6 JSII8&SP2 OflMWBflBtfaJ: V* 

sft sm &&<d^h¥ meat* -FfcjroftGSx^y 

[ 0 0 2 7 ] B4 tt 1 222 3 0 m m<DIE^tfcD«fiifS 
fi»»2 Ofl!»[JB«afacfcCfS)Ba)«*tt± 
3iC7)4><D<h(5]^(D#J4cDifc}S^l 3©-/>fcf-y>*« 

[0028] ^*ncc*f lx % la 5 ttH i ic7jk-?#mK&m 
orit *«-^M©^^yrxi»©iHi3«ii3 
n/c«}jg^ i3a, i3b <D^n-e c nofi»gP2 0 (D^: 

#3«EI4«:^b/cfe(O<fc0/h3^©r % JSa&SP2 0. 

[0 029] @6 1 0 *titeM- 
S*}JiT13a. i3b<D^O'/>b , -^#tt4 

1 3 a O^JBiftft 4 1 3 b (D&m 

m%i$kt (/cixtf+0. 5%«ft) 

40 CchT?, -^Wg? 1 3 a©^>t-y>^*-^ 

SittOS^O^Sl^E**^ 1 0 ?:f#5> C4#t# 
5. S^cDftS^l 3^«^T^C4CCJ:^ ^ > 

[0030] m7te*mn<£fr&zj£n&m : =F<D{&<Dm 

50 ja«*7ftT¥ffiHr*0, B8«*©»rffiiaWElT* 
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121 9 »H 7 :«IWI©E«ft»F- 1 0 <D»14 
^t^77tM e C©ES*J&?- 1 OB, SS12 
±<D 2 13,13 WKWC^S nrj&jJSS 

c o o 3 i ] m i o *s£zfm i i tt*ti-en#«?B«c*> 

h i 2 wh i o ttdttm i i ocmrax i i -x i 

1 ictevzwwmmmv&z. m 1 otcs*TEwa»iP 

CCJBflJU. 3. 1 3*afeW«c»«0fc 

ci^fflit^ si nrt^tc^sEi 

«»^3 6«:flSa)j|««*^r¥ffiBI'C*4. COE 

JIT- 13, 1 3 4^^+7-7 A^iitc-TSIaJ— 

2 0±«CJBJ5SU ^n^^ftll^-l 3. 1 3*KW«:« 
t»UfcC4«»i4t4. tn^<DEmftfs^i or& 

[0 03 2] 3 C CDUffiWOff S^Ji^ 1 0 «\ 

-*<D^JIT- 1 3 a ©tS«FSP2 0 i , ffi^TO^Jg-?- 1 3 
b<Dlltt»i2 0 i©MOPJI8d^®ttift©iKfi© 1/2 
©fiSCCJBJSSft*. CtiOCJ:0 2 010^1 3 a, 
1 3 b4>Sftft*ieVU^9 C4tC«fc4^^U7^ 

£ MW)%i<D 1/24T4C4 "C^/JncD X ^ - X TM?iJ $ 

3^r#i. ais % rarad«js»»©i/2«±r*n« 

[0 03 3]il3^ *^fc**SJV»tratt£ffl 
fl3L//cE^ftfJgTl 0O»*»tcot^r, f(DZnOl 
Wit ( Z n omm/MW)3ttctotf Z Z nOiSiO, © 
^MOT) W9%ftfiffffi8 (filT. TCF : Te 
mperature Coefficient of Frequency) £ <D^%^7n L> 
fcfe©-C*S. ZnO©Wtt3e»0«flC««*J^-r^^ 
-C&£GQtC#tU S iO, ©Wttfi^te^^T**© 
t\ P(**iBWtttt*"Clft*dt>**Ci'C, TCF^ 

o, rtt*>%, iBK^becWLr«affla»*^^fcUtt 

[ 0 0 3 4 ] fc±*K % iai/fcHSSWOffBffilW- 1 
ZnO<£>M/?):b£4 5%4t4C4t, 113^4 

&<o. TCF*o<fc-r-5ci*sr*i. cntCcfcoas 

* *#M8«c**SEWft»F 1 0 & 

*fi^t>i±/tLM5#-7 *;U*3 0(D^ffflfi|p|!gH«:ia 
0 1 4(C^1"LM7^7 -f ;U£3 OKte 
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Stirfccfc^. <*6K, (SWJJfci^^ifB'I^EWS 
J|«t&ftWFia*tt*6tir*>J:C». 

[0 0 3 5] #»?8<oeE«*«^*ffl^>rTfi. 

TcSI^y-^ ^ Jl/^€r*BJ3EUT«>J:l^ HI 1 5tt#Jg?8 

$>4o ai5^tTS7^7^^4 0H 30CD 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the piezo resonator which is formed in a substrate and said substrate, 
has the oscillating section of the structure which the up electrode and lower 
electrode of a pair are made to counter at least, and faces across the vertical 
side of the thin film section which has the piezo-electric thin film of at least one or 
more layers, and prepared two or more resonators That the flat-surface 
configuration of a part where said up electrode and said lower electrode counter 
is circular, or the piezo resonator which is the configuration of the arbitration 
which connotes a round shape and is characterized by coming to connect with a 
serial or juxtaposition said two or more resonators from which resonance 
frequency differs slightly. 

[Claim 2] The piezo resonator according to claim 1 characterized by being 
formed so that it may become r>=20 t/n when said circular radius in the flat- 
surface configuration of a part where said up electrode and said lower electrode 
counter is set to r and thickness of the part which said up electrode and said 
lower electrode counter is set to t. 

[Claim 3] Said two or more resonators are piezo resonators according to claim 1 
or 2 characterized by using the n-th mode of thickness longitudinal oscillation or 
thickness skid vibration. 

[Claim 4] The difference of the resonance frequency of two or more of said 



resonators is a piezo resonator according to claim 1 to 3 characterized by being 
less than 

[Claim 5] The difference of the resonance frequency of two or more of said 
resonators is a piezo resonator according to claim 4 characterized by being less 
than **0.5%. 

[Claim 6] The piezo resonator according to claim 1 to 5 which forms said two or 
more resonators from which resonance frequency differs slightly on the same 
oscillating section, and is characterized by connecting those resonators to a 
serial or juxtaposition. 

[Claim 7] The piezo resonator according to claim 6 characterized by spacing 
between said two or more resonators being 1/2 or more [ of an oscillatory wave J. 
[Claim 8] The piezo resonator according to claim 1 to 7 characterized by shifting 
resonance frequency by changing mutually one [ at least ] magnitude of said up 
electrode and said lower electrode by said two or more resonators. 
[Claim 9] The piezo resonator according to claim 1 to 8 which said oscillating 
section consists of multilayer structure of a piezo electric crystal and a dielectric, 
and is characterized by the temperature coefficient of the elastic coefficient of at 
least one thing in said piezo electric crystal and a dielectric being the 
temperature coefficient and reverse sign of an elastic coefficient of the others of 
said piezo electric crystal and the dielectrics. [ of a thing ] 
[Claim 10] Said substrate is a piezo resonator according to claim 1 to 9 which 
has opening or a crevice and is characterized by forming said oscillating section 
on said opening or said crevice. 

[Claim 1 1] It is formed on the substrate which has two or more opening or two or 
more crevices, and said opening or said crevice. It has the oscillating section of 
the structure which the up electrode and lower electrode of a pair are made to 
counter at least, and faces across the vertical side of the thin film section which 
has the piezo-electric thin film of at least one or more layers. In the piezo 
resonator using the n-th mode of the thickness longitudinal oscillation or 
thickness slip vibration which prepared two or more resonators It is the 



configuration of that the flat-surface configuration of a part where said up 
electrode and said lower electrode counter is circular, or the arbitration which 
connotes a round shape. When said circular radius in the flat-surface 
configuration of a part where said up electrode and said lower electrode counter 
is set to r and thickness of the part which said up electrode and said lower 
electrode counter is set to t, The piezo resonator which is formed so that it may 
become r>=20 t/n, is changed so that the difference of the resonance frequency 
of two or more of said resonators may become and is characterized by 
coming to connect said two or more of said resonators with a serial or 
juxtaposition further. 

[Claim 12] It is formed on the substrate which has opening or a crevice, and said 
opening or said crevice. It has the oscillating section of the structure which the up 
electrode and lower electrode of a pair are made to counter at least, and faces 
across the vertical side of the thin film section which has the piezo-electric thin 
film of at least one or more layers. In the piezo resonator using the n-th mode of 
the thickness longitudinal oscillation or thickness slip vibration which prepared 
two or more resonators It is the configuration of that the flat-surface configuration 
of a part where said up electrode and said lower electrode counter is circular, or 
the arbitration which connotes a round shape. When said circular radius in the 
flat-surface configuration of a part where said up electrode and said lower 
electrode counter is set to r and thickness of the part which said up electrode and 
said lower electrode counter is set to t, The piezo resonator which is formed so 
that it may become r>=20 t/n, is changed so that the difference of the resonance 
frequency of two or more of said resonators may become and is 
characterized by coming to connect said two or more of said resonators with a 
serial or juxtaposition further. 

[Claim 13] It is formed on the substrate which has opening or a crevice, and said 
opening or said crevice. It has the oscillating section of the structure which the up 
electrode and lower electrode of a pair are made to counter at least, and faces 
across the vertical side of the thin film section which has the piezo-electric thin 



film of at least one or more layers. In the piezo resonator using the n-th mode of 
the thickness longitudinal oscillation or thickness slip vibration which prepared 
the resonator It is the configuration of that the flat-surface configuration of a part 
where said up electrode and said lower electrode counter is circular, or the 
arbitration which connotes a round shape. When said circular radius in the flat- 
surface configuration of a part where said up electrode and said lower electrode 
counter is set to r and thickness of the part which said up electrode and said 
lower electrode counter is set to t, The piezo resonator which is formed so that it 
may become r>=20 t/n, is changed so that the difference of the resonance 
frequency of two or more of said resonators may become **1 %, and is 
characterized by coming to connect said further two or more resonators with a 
serial or juxtaposition. 

[Claim 14] The piezo-electric filter which is the ladder filter constituted combining 
a piezo resonator two or more, and contains at least one or more piezo 
resonators according to claim 1 to 13. 

[Claim 15] The duplexer characterized by using a piezo-electric filter according to 
claim 14. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates, for example to the piezo resonator 
using thickness longitudinal oscillation or thickness skid vibration, the piezo- 
electric filter constituted combining it two or more especially about a piezo 
resonator, a piezo-electric filter, and a duplexer. 
[0002] 

[Description of the Prior Art] The piezo resonator using the n-th mode (n is the 
natural number) of thickness longitudinal oscillation and thickness skid vibration 
contains the oscillating section which consists of a piezo electric crystal etc., and 
the counterelectrode formed in this oscillating section. In this piezo resonator, 
spurious vibration of a large number called the non-harmonizing higher mode 
arises. When the radius of the circle by which endocyst is carried out to a 
counterelectrode for the purpose of suppressing the effect of this spurious 
vibration is set to r and thickness of the oscillating section between 
counterelectrodes is set to t, the piezoelectric transducer which formed the 
oscillating section and a counterelectrode so that the relation of r>=20 t/n might 
be filled is proposed previously. In addition, spurious depressor effect of r is so 
high that it is large. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in this piezo resonator, in 
order to suppress the effect of spurious vibration small enough, when it is 
necessary to enlarge the electrode radius r enough for example, ZnO is used for 
a piezo electric crystal and it produces a piezo resonator with a resonance 
frequency of 2GHz, it is necessary to the thickness of the oscillating section 
being about 2 micrometers to form the magnitude (diameter) of the oscillating 
section in several 100 micrometers. Thus, if the oscillating section is formed 
greatly thinly, deformation of the oscillating section and breakage will pose a 
problem in the case of manufacture etc. 



[0004] Moreover, an electrode configuration also influences the impedance of a 
piezo resonator. For example, when producing a filter using this piezo resonator, 
the optimal impedance exists in a resonator from matching with the system to 
connect. However, in order to make effect of spurious vibration small, when an 
electrode is enlarged, there is un-arranging [ to which the impedance of a 
resonator becomes smaller than an optimum value ]. If an electrode configuration 
is adjusted on the contrary so that an impedance may serve as an optimum value, 
un-arranging [ that the magnitude of an electrode becomes inadequate and the 
effect of spurious vibration to the property of a piezoelectric transducer becomes 
large ] will arise. 

[0005] So, the main purpose of this invention is that manufacture combines an 
easy comparatively minor diameter piezo resonator, its effect of spurious 
vibration is small, and it is offering the piezo resonator which has a proper 
impedance. Other purposes of this invention are offering the piezo-electric filter 
which used that piezo resonator. The purpose of further others of this invention is 
offering the duplexer which used that piezo-electric filter. 
[0006] 

[Means for Solving the Problem] The piezo resonator concerning this invention is 
formed in a substrate and a substrate, and it has the oscillating section of the 
structure which the up electrode and lower electrode of a pair are made to 
counter at least, and faces across the vertical side of the thin film section which 
has the piezo-electric thin film of at least one or more layers. In the piezo 
resonator which prepared two or more resonators, it is the configuration of the 
arbitration which connotes a round shape, and they are that the flat-surface 
configuration of a part where an up electrode and a lower electrode counter is 
circular, or the piezo resonator characterized by coming to connect with a serial 
or juxtaposition two or more resonators from which resonance frequency differs 
slightly. In the piezo resonator concerning this invention, spurious oscillating 
depressor effect equivalent to the resonator of the simple substance equipped 
with the more large-sized electrode can be acquired, without making magnitude 



of the oscillating section of each resonator large beyond the need by connecting 
to a serial or juxtaposition two or more resonators from which resonance 
frequency differs slightly. Therefore, manufacture is easy and can raise the shock 
resistance of the oscillating section etc. Moreover, optimization of an impedance 
can be attained, making effect of spurious vibration small by connecting two or 
more above-mentioned resonators to a serial or juxtaposition. 
[0007] In the piezo resonator concerning this invention, when the circular radius 
in the flat-surface configuration of a part where an up electrode and a lower 
electrode counter is set to r and thickness of the part which an up electrode and 
a lower electrode counter is set to t, it is desirable to be formed so that it may 
become r>=20 t/n. Thus, when the circular radius in the flat-surface configuration 
of a part where an up electrode and a lower electrode counter is set to r in the 
piezo resonator concerning this invention and thickness of the part which an up 
electrode and a lower electrode counter is set to t, Since spurious vibration can 
be centralized on the frequency near the principal vibration by forming an up 
electrode, a lower electrode, etc. so that it may become r>=20 t/n, the effect of 
spurious vibration to the property of a resonator can be suppressed still smaller. 
[0008] Moreover, in the piezo resonator concerning this invention, two or more 
resonators use the n-th mode of for example, thickness longitudinal oscillation or 
thickness skid vibration. 

[0009] Furthermore, as for the difference of the resonance frequency of two or 
more resonators, in the piezo resonator concerning this invention, it is desirable 
that it is less than Thus, in the piezo resonator concerning this invention, 
by making the difference of the resonance frequency of two or more resonators 
about the resonance point and an antiresonance point shift and a use band 
spreads. 

[0010] Moreover, as for the difference of the resonance frequency of two or more 
resonators, in the piezo resonator concerning this invention, it is still more 
desirable that it is less than **0.5%. Thus, in the piezo resonator concerning this 
invention, if the difference of the resonance frequency of two or more resonators 



is made less than **0.5%, the effect of spurious vibration can be suppressed still 
smaller. 

[001 1] Furthermore, in the piezo resonator concerning this invention, two or more 
resonators from which resonance frequency differs slightly may be formed on the 
same oscillating section, and those resonators may be connected to a serial or 
juxtaposition. In this case, two or more sets of the up electrodes and lower 
electrodes which counter may be prepared in the same oscillating section, the 
frequency of vibration excited with those up electrodes and a lower electrode 
may be shifted slightly, and those up electrodes and a lower electrode may be 
connected to a serial or juxtaposition. 

[0012] Moreover, in the piezo resonator concerning this invention, it is desirable 
that spacing between two or more resonators is 1/2 or more [ of an oscillatory 
wave ]. Thus, at the piezo resonator concerning this invention, since the 
mechanical vibration of one resonator does not affect vibration of the resonator of 
another side when spacing between two or more resonators is 1/2 or more [ of an 
oscillatory wave ], there is no property degradation, such as generating of a 
spurious response, moreover, the minimum tooth space juxtaposition - or 
since series connection can be carried out, enlargement of a component can be 
prevented. 

[0013] Furthermore, you may make it shift resonance frequency in the piezo 
resonator concerning this invention by changing mutually one [ at least ] 
magnitude of an up electrode and a lower electrode by two or more resonators. 
Thus, in the piezo resonator concerning this invention, since it can respond only 
by changing a pattern when shifting resonance frequency by changing mutually 
one [ at least ] magnitude and configuration of an up electrode and a lower 
electrode by two or more resonators, it is not necessary to increase an electrode 
formation process. 

[0014] Moreover, in the piezo resonator concerning this invention, the oscillating 
section consists of multilayer structure of a piezo electric crystal and a dielectric, 
and it is desirable that the temperature coefficient of the elastic coefficient of at 



least one thing in a piezo electric crystal and a dielectric is the temperature 
coefficient and reverse sign of an elastic coefficient of the others of a piezo 
electric crystal and the dielectrics. [ of a thing ] 

[0015] Furthermore, in the piezo resonator concerning this invention, a substrate 
has opening or a crevice and the oscillating section is formed on opening or a 
crevice, for example. 

[0016] Moreover, the substrate with which the piezo resonator concerning this 
invention has two or more opening or two or more crevices, It is formed on 
opening or a crevice and has the oscillating section of the structure which the up 
electrode and lower electrode of a pair are made to counter at least, and faces 
across the vertical side of the thin film section which has the piezo-electric thin 
film of at least one or more layers. In the piezo resonator using the n-th mode of 
the thickness longitudinal oscillation or thickness slip vibration which prepared 
two or more resonators It is the configuration of that the flat-surface configuration 
of a part where an up electrode and a lower electrode counter is circular, or the 
arbitration which connotes a round shape. When the circular radius in the flat- 
surface configuration of a part where an up electrode and a lower electrode 
counter is set to r and thickness of the part which an up electrode and a lower 
electrode counter is set to t, It is the piezo resonator which is formed so that it 
may become r>=20 t/n, is changed so that the difference of the resonance 
frequency of two or more resonators may become **1%, and is characterized by 
coming to connect further two or more resonators with a serial or juxtaposition. 
[0017] Furthermore, the substrate with which the piezo resonator concerning this 
invention has opening or a crevice, It is formed on opening or a crevice and has 
the oscillating section of the structure which the up electrode and lower electrode 
of a pair are made to counter at least, and faces across the vertical side of the 
thin film section which has the piezo-electric thin film of at least one or more 
layers. In the piezo resonator using the n-th mode of the thickness longitudinal 
oscillation or thickness slip vibration which prepared two or more resonators It is 
the configuration of that the flat-surface configuration of a part where an up 



electrode and a lower electrode counter is circular, or the arbitration which 
connotes a round shape. When the circular radius in the flat-surface 
configuration of a part where an up electrode and a lower electrode counter is set 
to r and thickness of the part which an up electrode and a lower electrode 
counter is set to t, It is the piezo resonator which is formed so that it may become 
r>=20 t/n, is changed so that the difference of the resonance frequency of two or 
more resonators may become and is characterized by coming to connect 
further two or more resonators with a serial or juxtaposition. 
[0018] Moreover, the substrate with which the piezo resonator concerning this 
invention has opening or a crevice, It is formed on opening or a crevice and has 
the oscillating section of the structure which the up electrode and lower electrode 
of a pair are made to counter at least, and faces across the vertical side of the 
thin film section which has the piezo-electric thin film of at least one or more 
layers. In the piezo resonator using the n-th mode of the thickness longitudinal 
oscillation or thickness slip vibration which prepared the resonator It is the 
configuration of that the flat-surface configuration of a part where an up electrode 
and a lower electrode counter is circular, or the arbitration which connotes a 
round shape. When the circular radius in the flat-surface configuration of a part 
where an up electrode and a lower electrode counter is set to r and thickness of 
the part which an up electrode and a lower electrode counter is set to t, It is the 
piezo resonator which is formed so that it may become r>=20 t/n, is changed so 
that the difference of the resonance frequency of two or more resonators may 
become and is characterized by coming to connect further two or more 
resonators with a serial or juxtaposition. 

[0019] The piezo-electric filter concerning this invention is the ladder filter 
constituted combining a piezo resonator two or more, and is a piezo-electric filter 
containing at least one or more piezo resonators concerning this invention. 
[0020] Moreover, the duplexer concerning this invention is a duplexer 
characterized by using the piezo-electric filter concerning this invention. 
[0021] The above-mentioned purpose of this invention, the other purposes, the 



description, and an advantage will become still clearer from detailed explanation 
of the gestalt of implementation of the following invention performed with 
reference to a drawing. 
[0022] 

[Embodiment of the Invention] Drawing 1 is the top view showing one example of 
the piezo resonator of this invention, and drawing 2 is the sectional view solution 
Fig. This piezo resonator 10 uses the fundamental wave (n= 1) of the thickness 
longitudinal oscillation whose resonance frequency is 2GHz. A piezoelectric 
transducer 10 contains a substrate 12. A substrate 12 is formed by {100} Si. On a 
substrate 12, it connects with juxtaposition and two resonators 13a and 13b are 
formed. Each resonators 13a and 13b contain the oscillating section 20, 
respectively. This oscillating section 20 comes to carry out the laminating of the 
dielectric thin film 14, the electrode thin film 16, the piezo electric crystal thin film 
18, the electrode thin film 16, and the dielectric thin film 14 to this order on a 
substrate 12. At this example, the dielectric thin film 14 is Si02. It is formed, and 
the electrode thin film 16 is formed with aluminum, and the piezo electric crystal 
thin film 18 is formed by ZnO. The thickness of each film is 
Si02/aluminum/ZnO/aluminum/Si02 =0.3/0.1/1.1/0.1/0.3 (unit: micrometer), in 
addition, the substrate 12 - for example, Pyrex (trademark) glass, a quartz, 
GaAs, etc. - you may form -- the dielectric thin film 14 SiN and aluminum 203 
etc. - you may form, and the piezo electric crystal thin film 18 may be formed by 
AIN, PZT, etc., and may form the electrode thin film 16 by Au, Ag, etc. 
[0023] The configuration of the electrode thin film 16 is formed in the shape of 
[ which connoted the round shape of a radius r ] a square. Die-length of one side 
2r of this square is formed in 150 micrometers. Moreover, thickness t of the 
oscillating section in the opposite section of the electrode thin film 16 is formed in 
1.9 micrometers. Therefore, the oscillating section 20 of this example fulfills the 
conditions of r>=20 t/n. The electrode thin film 16 is pulled out on the outside of 
the oscillating section 20. In addition, even when the configuration of the 
electrode thin film 16 is circular, it is good, and it may be made into the polygon 



which connotes the round shape which fulfills above-mentioned conditions, such 
as six square shapes, eight square shapes, etc. which connote a round shape. 
Moreover, the conditions of above-mentioned r>=20 t/n must not necessarily be 
filled with this invention. 

[0024] The resonance frequency of the piezo resonator 10 of this example is 
2GHz. In this example, the resonance frequency of one resonator 13a and 4MHz 
of resonance frequency of resonator 13b of another side are shifted, and it is 
formed. Thus, as an approach of shifting resonance frequency, it is with one 
resonator 13a and resonator 13b of another side, and the method of changing 
the approach (vacuum evaporationo trimming) of vapor-depositing metals, such 
as Ag, the magnitude of the electrode thin film 16, and a configuration etc. is near 
the electrode thin film 16 opposite section from the approach of changing the 
thickness of the electrode thin film 16, and resonator 13 rear face. If the 
magnitude (area) and the configuration of the electrode thin film 16 are changed 
and a frequency is shifted, it can respond only by changing a pattern and it is not 
necessary to increase an electrode formation process. In addition, although the 
amount of gaps of resonance frequency is not restricted to 4MHz, in order that 
making another side into less than **0.5% of the amount of gaps to the 
resonance frequency of one resonator 13a may attain the purpose of this 
invention, it is desirable. In addition, this amount of gaps may be made less than 
**1.0% by this invention. If this amount of gaps is made about 1.0%, the 
resonance point and an antiresonance point will shift and a use band will spread. 
[0025] The piezo resonator 10 of this example is manufactured as follows. First, it 
is Si02 as a dielectric thin film 14 with approaches, such as thermal oxidation, a 
spatter, and CVD, on a {100} Si substrate. Membranes are formed, aluminum is 
formed as a lower electrode thin film 16 by approaches, such as vacuum 
evaporationo and a spatter, on it. Furthermore, ZnO is formed as a piezo electric 
crystal thin film 18 on it. As it furthermore counters with the lower electrode thin 
film 16 on it, aluminum is formed as an up electrode thin film 16. Although 
polarization of the ZnO which constitutes the piezo electric crystal thin film 18 is 



carried out in the thickness direction when using thickness longitudinal oscillation, 
and polarization of it is carried out in the direction which intersects 
perpendicularly with thickness when using thickness skid vibration, in this 
example, it polarized ZnO in the thickness direction and uses thickness 
longitudinal oscillation. Furthermore in the maximum upper layer, it is Si02 as a 
dielectric thin film 14 with approaches, such as a spatter and CVD. Membranes 
are formed. In addition, the substrate 12 of the lower part of the electrode thin 
film 1 6 opposite section and its perimeter (oscillating section 20) is removed by 
approaches, such as anisotropic etching, RIE, laser beam machining, and 
sandblasting. Therefore, a substrate 12 has two openings and the two oscillating 
sections 20 and 20 will be formed on two openings. In addition, a crevice may be 
formed in a substrate 12 instead of such opening. 

[0026] Drawing 3 is equipped with the electrode thin film 16 of the shape of a 
square whose die length of one side is 150 micrometers, and the laminated 
structure of the oscillating section 20 and the thickness of each class are graphs 
which show the impedance characteristic of the same independent resonator 13 
as an above-mentioned thing. In this case, spurious vibration produced by much 
non-harmonizing higher modes between resonance-antiresonance is seen. 
[0027] Drawing 4 is equipped with the electrode thin film of the one-side shape of 
a 230-micrometer square, and the laminated structure of the oscillating section 
20 and the thickness of each class are graphs which show the impedance 
characteristic of the same independent resonator 13 as an above-mentioned 
thing. In this case, the effect of the spurious vibration between resonance- 
antiresonance decreases. However, it becomes difficult with the increment in 
electrode size to form [ of the oscillating section ] this piezo resonator, and the 
yield worsens rather than this example. Moreover, it deforms and is easy to 
damage the oscillating section. 

[0028] It is the graph which shows the impedance characteristic of the piezo 
resonator 10 of this example which shows drawing 5 to drawing 1 to it. In the 
piezo resonator 10 of this example, the effect of the spurious vibration between 



resonance-antiresonance becomes small compared with what was shown in 
drawing 3 , and can acquire the same effectiveness as what was shown in 
drawing 4 so that drawing 5 may show. And since the magnitude of each 
oscillating section 20 of the resonators 13a and 13b connected to juxtaposition is 
smaller than what was shown in drawing 4 , formation of the oscillating sections 
20 and 20 becomes easy, and it is hard to carry out deformation and breakage. 
[0029] Drawing 6 is the graph shown in accordance with each impedance 
characteristic of the resonators 13a and 13b which constitute the piezo resonator 
10 of this example. Although spurious vibration of a large number resulting from 
the non-harmonizing higher mode is between the resonance-antiresonance of 
each impedance characteristic, there are a part which is sharp under the effect of 
spurious vibration, and a part which is changing smoothly in the impedance curve 
between resonance-antiresonance. By what the resonance frequency of one 
resonator 13a and the resonance frequency of resonator 13b of another side are 
slightly shifted for (for example, less than **0.5%), the part which is sharp in the 
impedance curve of one resonator 13a is compounded with the smooth part of 
the impedance curve of resonator 13b of another side, Therefore, after 
composition, since it becomes small relatively compared with each property 
before the sharpening part under the effect of spurious ones compounding, the 
small piezo resonator 10 of the effect of spurious vibration can be obtained. 
Moreover, by connecting two or more resonators 13, adjustment of an 
impedance can be aimed at and the piezo resonator 10 which has a proper 
impedance can be obtained. 

[0030] Drawing 7 is the top view showing other examples of the piezo resonator 
concerning this invention, and drawing 8 is the sectional view solution Fig. 
Drawing 9 is a graph which shows the property of the piezo resonator 10 of this 
example shown in drawing 7 . Only the point that two resonators 13 and 13 on a 
substrate 12 were connected and formed in the serial is different from the 
example shown in drawing 1 , and the other points of this piezo resonator 10 are 
the same. The same effectiveness as what was shown in drawing 1 also by the 



piezo resonator 10 shown in drawing 7 can be acquired so that drawing 9 may 
show. 

[0031] Drawing 10 and drawing 1 1 are the top views showing the example of 
further others of the piezo resonator concerning this invention, respectively. 
Drawing 12 is a sectional view solution Fig. in line XII-XII shown in drawing 10 or 
drawing 1 1 . The piezo resonator 10 shown in drawing 10 forms two or more 
resonators 13 and 13 from which resonance frequency differs slightly on the 
same oscillating section 20 which carries out diaphram in common, and it is 
characterized by connecting those resonators 13 and 13 to juxtaposition. 
Moreover, drawing 1 1 is the top view showing the example of further others of 
the piezo resonator concerning this invention. This piezo resonator 10 forms two 
or more resonators 13 and 13 from which resonance frequency differs slightly on 
the same oscillating section 20 which carries out diaphram in common, and it is 
characterized by connecting those resonators 13 and 13 to a serial. The 
effectiveness as **** that these piezo resonators 10 are also the same can be 
acquired. 

[0032] Furthermore, as for the piezo resonator 10 of this example, the spacing d 
between the oscillating section 20 of one resonator 13a and the oscillating 
section 20 of resonator 13b of another side is formed in one half of the die length 
of the wavelength of an oscillatory wave. Property degradation of generating of 

i 

the spurious response by vibration of two resonators 13a and 13b influencing 
each other by this etc. can be prevented, moreover, the tooth space minimum by 
setting spacing d to one half of oscillatory waves — juxtaposition — or series 
connection can be carried out and enlargement of a component can be 
prevented. In addition, spacing d should just be 1/2 or more [ of an oscillatory 
wave ]. 

[0033] Drawing 13 shows the relation between the ZnO thickness ratio (sum total 
thickness of ZnO and Si02 in ZnO thickness / oscillating section), and a 
resonance frequency temperature coefficient (following, TCFTemperature 
Coefficient of Frequency) about the fundamental wave of the piezo resonator 10 



using the thickness longitudinal oscillation concerning this invention. It is Si02 to 
the temperature coefficient of the elastic coefficient of ZnO being minus. Since an 
elastic modulus is plus, TCF can obtain 0 [10 ], i.e., the piezo resonator from 
which resonance frequency does not change to a temperature change, by 
combining both by the suitable ratio. 

[0034] For example, in the piezoelectric transducer 10 of the example mentioned 
above, by adjusting the thickness of each class in the oscillating section 20, and 
making the thickness ratio of ZnO into 45%, TCF can be set to 0 as shown in 
drawing 13 . The piezo resonator 10 and filter which have stable frequency 
characteristics to temperature by this are producible. The representative circuit 
schematic of the L type ladder filter 30 which combined the piezo resonator 10 
concerning this invention is shown in drawing 1414 . In the L type ladder filter 30 
shown in drawing 14 , although the piezo resonator by the side of each serial 
consists of parallel connection of two resonators, you may consist of series 
connection of two or more resonators. Moreover, the piezo resonator by the side 
of each juxtaposition may consist of two or more parallel connection or series 
connection of a resonator. Furthermore, the piezo resonator by the side of a 
serial and juxtaposition may both consist of two or more series connection or 
parallel connection of a resonator. Moreover, the piezo resonator by the side of 
juxtaposition may be replaced with a mere resonator. 
[0035] Moreover, T mold and pi mold ladder filter may be constituted using the 
piezo resonator of this invention. Drawing 15 is the representative circuit 
schematic showing an example of T mold ladder filter concerning this invention. 
T mold ladder filter 40 shown in drawing 15 contains three piezo resonators 10-1 , 
10-2, and 10-3. As for three piezo-resonator 10-1-3, those ends of each other are 
connected. Moreover, the other end of one piezo resonator 10-1 is connected to 
the input edge IN, the other end of other one piezo resonator 10-3 is grounded, 

and the other end of the one remaining piezo resonator 10-2 is connected to an 

> 

outgoing end OUT. 

[0036] Drawing 16 is the representative circuit schematic showing other 



examples of T mold ladder filter concerning this invention. At T mold ladder filter 
40 shown in drawing 16 , the piezo resonator 10-4 connected to the input edge 
IN among three piezo resonators 10-4, 10-5, and 10-6 consists of two resonators 
13-1 connected to the serial, and 13-2 compared with T mold ladder filter 40 
shown in drawing 15 . 

[0037] In addition, as a piezo resonator 10-4 shown in drawing 16 , the piezo 
resonator 10 shown, for example in drawing 7 or drawing 1 1 is used. 
[0038] In T mold ladder filter 40 shown in drawing 16 , the effectiveness that 
power-proof nature improves is done so compared with T mold ladder filter 40 
shown in drawing 15 . Namely, when the power of 2W is supplied to the input 
edge IN in T mold ladder filter 40 shown in drawing 15 R> 5, power distribution of 
the piezo resonator 10-1 connected to the input terminal IN is as large as about 
1 .0 W near 1 .92GHz, as shown in the graph of drawing 17 . When the power of 
2W is supplied to the input edge IN in T mold ladder filter 40 shown in drawing 16 
to it, two resonators 30-1 of a piezo resonator 10-4 and the power distribution of 
30-2 which are connected to the input terminal IN at the serial are as small as 
about 0.5 W near 1.92GHz respectively, as shown in the graph of drawing 1818 , 
and the graph of drawing 19 . Therefore, in T mold ladder filter 40 shown in 
drawing 16 , since the power impressed decreases compared with T mold ladder 
filter 40 shown in drawing 15 , the effectiveness that power-proof nature 
improves is done so. 

[0039] Drawing 20 is the block diagram showing an example of the duplexer 
concerning this invention. The duplexer 50 shown in drawing 20 contains the 
filter for transmitters, and the filter for receivers. Above-mentioned T mold ladder 
filter 40 is used for the filter for transmitters as a piezo-electric filter. Moreover, 
above-mentioned T mold ladder filter 40 is used also for the filter for receivers as 
a piezo-electric filter. 

[0040] In addition, although two resonators 13 and 13 were formed on one 
substrate 12 in each above-mentioned example, many resonators 13 may be 
formed further and they may be connected to juxtaposition or a serial. Moreover, 



the thing in which only one resonator 13 was formed on one substrate 12 is 
connected to a serial or juxtaposition with means, such as plurality and wire 
bonding, and it is good also as one piezo resonator 10. Moreover, the laminating 
of two or more pairs of electrode thin films 16 and 16 is carried out in the 
thickness direction on the same oscillating section 20, those electrode thin films 
16 are connected to a serial or juxtaposition, and it is good also as a piezo 
resonator 1 0. 
[0041] 

[Effect of the Invention] According to this invention, manufacture is easy, and the 
piezo resonator which has spurious oscillating depressor effect equivalent to the 
resonator of the simple substance equipped with the more large-sized electrode 
by shifting resonance frequency slightly and connecting two or more resonators 
equipped with the comparatively small electrode with sufficient endurance to a 
serial or juxtaposition can be obtained. Moreover, an impedance can be adjusted, 
improving spurious characteristics by connecting to plurality, a serial, or 
juxtaposition the resonator which shifted resonance frequency slightly. That is, 
according to this invention, the effect of spurious vibration is very small, and can 
obtain a piezo resonator with a proper impedance. Furthermore, it is possible to 
set TCF to 0 by making mutually into a reverse sign the temperature coefficient 
of the elastic coefficient of the piezo electric crystal which constitutes the 
oscillating section, and an oscillating object, and combining this by the suitable 
thickness ratio. The piezo resonator which has the resonance frequency 
stabilized to the temperature change by this and by which spurious vibration was 
controlled can be obtained. 

[Translation done.] 
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[Brief Description of the Drawings] 

[Drawing 1] It is the top view solution Fig. showing one example of the piezo 
resonator concerning this invention. 

[Drawing 2] It is the sectional view solution Fig. of a piezo resonator shown in 
drawing 1 . 

[Drawing 3] It is the graph which shows the impedance characteristic of an 
independent resonator equipped with the electrode thin film of the one-side 
shape of a 150-micrometer square. 

[Drawing 4] It is the graph which shows the impedance characteristic of an 
independent resonator equipped with the electrode thin film of the one-side 
shape of a 230-micrometer square. 

[Drawing 5] It is the graph which shows the impedance characteristic of the piezo 
resonator shown in drawing 1 . 

[Drawing 6] It is the graph shown in accordance with each impedance 
characteristic of two resonators formed on the substrate of the piezo resonator 
concerning this invention. 

[Drawing 7] It is the top view solution Fig. showing other examples of the piezo 
resonator concerning this invention. 

[Drawing 8] It is the sectional view solution Fig. of a piezo resonator shown in 
drawing 7 . 

[Drawing 9] It is the graph which shows the impedance characteristic of the piezo 
resonator shown in drawing 8 . 

[Drawing 10] It is the top view showing the example of further others of the piezo 



resonator concerning this invention. 

[Drawing 1 1] It is the top view showing the example of further others of the piezo 
resonator concerning this invention. 

[Drawing 12] It is a sectional view solution Fig. in line XII-XII shown in drawing 10 
or drawing 11 . 

[Drawing 13] It is the graph which showed the relation of the ZnO thickness ratio 
and TCF about the fundamental wave of the piezo resonator concerning this 
invention. 

[Drawing 14] It is the representative circuit schematic showing an example of the 
ladder mold filter which combined the piezo resonator concerning this invention. 
[Drawing 15] It is the representative circuit schematic showing an example of T 
mold ladder filter concerning this invention. 

[Drawing 16] It is the representative circuit schematic showing other examples of 
T mold ladder filter concerning this invention. 

[Drawing 17] It is the graph which shows allocation of the power concerning the 
piezo resonator 10-1 connected to the input terminal IN of T mold ladder filter 
shown in drawing 15 . 

[Drawing 18] It is the graph which shows allocation of the power concerning the 
resonator 13-1 of the piezo resonator 10-4 connected to the input terminal IN of T 
mold ladder filter shown in drawing 16 . 

[Drawing 19] It is the graph which shows allocation of the power concerning the 
resonator 13-2 of the piezo resonator 10-4 connected to the input terminal IN of T 
mold ladder filter shown in drawing 16 . 

[Drawing 20] It is the block diagram showing an example of the duplexer 

concerning this invention. 

[Description of Notations] 

10 10-1-6 Piezo resonator 

12 Substrate 

13, 13-1, 13-2 Resonator 

14 Dielectric Thin Film 



16 Electrode Thin Film 

18 Piezo Electric Crystal Thin Film 

20 Oscillating Section 

30 Filter 

40 T Mold Ladder Filter 
50 Duplexer 
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